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Spect ra  of p ro tons ,  deu te rons ,  t r i t o n s ,  3 ~ e ,  and For lower energy emergent p a r t i c l e s  t h e  c r o s s  
4 ~ e  were taken from 27~1,  5 8 ~ i ,  6 2 ~ i ,  and 2 0 8 ~ b  s e c t i o n s  decrease  l e s s  w i th  i n c r e a s i n g  complexity. 
t a r g e t s .  Most of t h e  d a t a  was taken a t  a bombarding For 58~ i ,  i n  t h e  48-95 MeV r eg ion ,  t h e  p : d : t : 3 ~ e  : 4 ~ e  
energy of 165 MeV, al though some d a t a  was taken a t  r a t i o s  a r e  approximately 1:0.1:0.01:0.01:0.01. The 
100 MeV. The angular  range between 25' and 150' was f a c t  t h a t  t h e  mass-3 s p e c t r a  a r e  degraded r e l a t i v e  t o  
covered.  I n  a l l  c a se s ,  t h e  s p e c t r a  could be charac- t h a t  of t h e  deuterons  which, i n  t u r n  a r e  degraded r e l a -  
t e r i z e d  a s  having a low energy evapora t ion  peak and 
a f a s t  spectrum going up t o  near  t h e  maximum energy. 
The high energy p a r t i c l e s  a r e  a t t r i b u t e d  t o  a d i r e c t  
i n t e r a c t i o n  and, s i n c e  t h e  mechanism f o r  producing 
f a s t  and slow p a r t i c l e s  is  q u i t e  d i f f e r e n t ,  i t  i s  
b e s t  t o  d i s cus s  t h e  two p a r t s  of t h e  s p e c t r a  
s epa ra t e ly .  
A t  t h e  165 MeV bombarding energy,  a t  t h e  high 
energy end of t he  s p e c t r a  which, f o r  d e f i n i t e n e s s ,  i s  
taken a s  p a r t i c l e s  wi th  energy >95 MeV, f o r  a l l  
t a r g e t s  t h e r e  were about 5% a s  many deuterons a s  
pro tons .  T r i t ons  a r e  down by about  another  f a c t o r  
of 20 al though f o r  2 0 8 ~ b  t h e  d: t r a t i o  was only 
about 10. For 27~1,  6 2 ~ i ,  2 0 8 ~ b  the  t :  3 ~ e  r a t i o  
was about  4 : l  whi le  f o r  5 8 ~ i  t h s  r a t i o  was about  
un i t y .  For 5 8 ~ i ,  t h e r e  were about a s  many f a s t  a lpha  
a s  3 ~ e  p a r t i c l e s  whi le  f o r  t h e  o the r  t a r g e t s  t h e  
a lphas  were about  four  t imes a s  i n t ense .  The d a t a  
suppor t s  t h e  conten t ion  t h a t  t h e  f a s t  complex p a r t i -  
c l e s  t h a t  do escape o r i g i n a t e  near  t he  s u r f a c e  of t h e  
nucleus.  
Figure I .  Angular dis tr ibut ions  of t r i t o n s  from the 
bombardment of 165 MeV protons on 2 0 8 ~ b .  The various 
curves are for d i f f e ren t  regions of the outgoing t r i t o n  
energy spectrum. 
t i v e  t o  t he  protons,  supports  the  contention t h a t  the  
more complex p a r t i c l e s  a r e  formed by successive 
nucleon pickup. 
The only ca l cu l a t i on  present ly  ava i l ab l e  t o  which 
the  da t a  can be compared a r e  semi-c lass ica l  calcula-  
t i ons .  Cascade ca l cu l a t i ons  p red i c t  a  prominent 
quas i - e l a s t i c  peak i n  t he  proton spectrum and t h i s  i s  
not  observed. For t he  more complex p a r t i c l e s ,  only 
ca l cu l a t i ons ,  a l s o  semi-c lass ica l ,  using the  exci ton  
model a r e  ava i l ab l e .  These only p red i c t  t he  angle 
i n t eg ra t ed  spec t r a  but  even f o r  t h i s  t he  agreement 
between experiment and ca l cu l a t i on  is  poor i n  both 
magnitude and shape. 
As expected, t he  angular  d i s t r i b u t i o n s  f o r  t he  
various ( f a s t )  p a r t i c l e s  were forward peaked, the  
more s t rongly  so  the  higher t he  p a r t i c l e  energy. 
Figure 1 shows, a s  an example, the  angular d i s t r i -  
butions of t r i t o n s  from 2 0 8 ~ b .  Angular d i s t r i b u t i o n s  
were not  g rea t ly  dependent on e x i t  p a r t i c l e  spec ies  
o r  on t a r g e t .  
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I n  plane particle-gamma coincidences have been 
measured fol lowing 80 MeV proton bombardment of 6 2 ~ i  
using the  cyclo t ron  f a c i l i t i e s  of t he  two i n s t i t u t i o n s .  
P a r t i c l e s  were de tec ted  i n  a t h r ee  element s i l i c o n  and 
i n t r i n s i c  germanium te lescope  placed a t  25.5', 35O, 
and 45.5' and t h r e e  Ge(Li) gamma-ray de t ec to r s  were 
loca ted  a t  135', -75', and -138' with r e spec t  t o  t he  
beam. 
A preliminary ana lys i s  shows t h a t  d i s c r e e t  
gammas corresponding t o  t r a n s i t i o n s  among the  low 
ly ing  l e v e l s  of various n i c k e l  i so topes  a r e  i n  coinci-  
dence wi th  a proton spectrum cons i s t i ng  of a  peak, 
FWHM=10 MeV, cent ro id  about 10 MeV above threshold  f o r  
each case,  and a t a i l  towards lower energies  ( see  
Fig.  1 ) .  The peaks i n  t hese  s p e c t r a  can be understood 
t o  a r i s e  from nechanisms such a s  62~i(p,p ') 62~i*+ x%  
I --- ------I 
30.00 : 4 0 .  on 5 0 .  no cjo. rlo 70. oo so 
62-x~i, where x is  the number of evaporat ion neutrons.  T.OFITICI r FI!FT-:~ I T t!i-:/l 
The t a i l s  r e f l e c t  t h e  r o l e  of processes such a s  
Figure 2.  Protons i n  coincidence with the 2333 keV 
2 ~ i  (p ,pxn) 62-x~i. More d e t a i l e d  a n a l y s i s  is  now gama-ray of ON<. Both accidentaZ coincidences 
and compton background have been subtracted from t h i s  
i n  progress.  spectrwn. 
